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. Models of the interest income to assets 16 Table 4 . Models of the interest expense to assets 17 Table 5 . The return on assets and profitability components 19 Table 6 . Low rates and low-for-long 20 The initial experience from the period of modestly negative policy rates suggested that the transmission to money market rates worked in the same way as at positive rates (Bech and Malkhozov, 2016; DNB, 2015) . In the course of 2015, as some money market rates, such as repo rates, have dropped below the ECB deposit rate, the transmission mechanism got more complicated (Arrata et al., 2017) . The transmission to the wider economy remains less evident still. Although the transmission takes place through the interest rate channel, the portfolio channel and the exchange rate channel, which are standard, negative interest rates could be associated with additional risks, especially if interest rates fall substantially below zero or stay in place for a longer period of time.
When policy interest rates are close to zero or negative, banks may protect their interest margins by not reducing lending rates in step with policy rates2 and by not reducing their deposit rates for corporate and individual depositors below zero. Such policies would allow banks, respectively, to keep lending low and prevent the diminishing of their deposit base by limiting depositors' incentive to switch to another bank. Indeed, the deposit rates in the euro area compressed by less than lending rates and remain well above zero (Figure 2 ).
Figure 2. Lending rates and deposit rates of the euro area banks
Note: Lending rates mean MFI interest rates on new euro-denominated loans to non-financial corporations for loans between EUR 250,000 and EUR 1 million over three months and up to one year initial rate fixation. Deposit rates mean MFI interest rates on new euro-dominated deposits from euro area residents with an agreed maturity of up to one year. The vertical line denotes the time when the euro area policy rate turned negative. Source: European Central Bank.
Banks' decision not to pass the negative interest rates on to depositors directly affects their profitability. While the yield on bank assets gradually declines, the funding costs remains unchanged, thus compressing the net interest margin. Such deterioration in profitability, in particular over prolonged periods, reduces the banks' ability to create capital from retained earnings and hence its risk-bearing capacity and supply of credit (Coeuré, 2016) . This approach could affect many companies, especially small and medium-sized enterprises, that are unable to borrow at anywhere close to the policy rate. Under these conditions, the effect of lowering interest rates, even below zero, on bank lending may be diminishing (Borio and Gambacorta, 2017) .
Overall, the interest rate margin dynamics is likely to differ from bank to bank, depending on their business model, the share of floating-rate lending in total lending, the source of bank's funding, the size of the bank and other characteristics. Floating-rate loans may be re-priced quickly, while banks with mostly fixed-rate lending may benefit from the dynamic effects associated with the decline in short-term interest rates, at least as long as borrowers keep their ability to repay. As for the bank size, it may be easier for large banks to raise funds in wholesale markets, partly because of the fixed nature of the costs, or hedge their exposures to interest rate risk (ECB, 2015a) . On the other hand, larger institutions are often more complex, possibly resulting in lower efficiency and profitability (ECB, 2015b) .
However, banks may also limit their lending for other reasons. For example, due to the existence in some countries of still considerable stock of non-performing loans that are difficult to work out or because of new banking regulations, such as Basel III liquidity rules, which may incentivise banks to hold a buffer stock of liquid assets rather than expand their retail and other lending activities (Roulet, 2018) . On the one hand, low interest rates may reduce the default probability on outstanding loans, thus lowering loan loss provisions on new loans (Genay and Podjasek, 2014) . On the other hand, the stock of existing nonperforming loans have to be provisioned or written off, as prescribed by regulators, and higher levels of non-performing exposures could further limit the capacity of banks to maintain their interest margins ( Figure 3 ). Banks' profitability and lending could also suffer because of a large-scale asset purchase programme, which aims at compressing the term premium, thus limiting banks' profits from the maturity transformation. Monetary policy could eventually reach a "reversal rate", thus outweighing the benefits of lower interest rates (Brunnermaier and Koby, 2016). Finally, low bank lending may also be driven by weak demand for loans, partly due to an already high indebtedness in some countries. Although the credit growth in the euro area is recovering, albeit from very low levels, it remains weak in several countries.
Figure 3. Change in net interest margin and non-performing exposures
The prudent lending behaviour of banks is reflected in the data on euro area banks' reserves ( Figure 4 ). Even though the total amount of reserves in the banking system is decided by the central bank, in normal times the banks would try to minimise the amount of excess reserves by expanding their balance sheets, as it is more profitable for them to loan out funds than hold them in low-paying accounts with the central bank. However, since the deposit facility rate turned negative in June 2014, the total excess reserves of the euro area banks, including the amounts parked in the ECB deposit facility, have been steadily increasing until the beginning of 2018 3 . The increase in excess reserves was much stronger that the gradual expansion of required reserves that broadly reflect the (risk-weighted) size of banks' balance sheets. Although the direct cost of negative interest rates -i.e. the negative remunerations of excess reserves -is probably small compared to indirect effects on bank profitability, they may affect banks disproportionately, as the charges are generally larger in countries with substantial current account surpluses vis-à-vis other euro area countries (Jobst and Lin, 2016) .
Figure 4. Excess reserves, required reserves and the deposit facility
Note: The vertical line denotes the time when the euro area policy rate turned negative. Source: European Central Bank.
Against this background, the paper uses quarterly bank-level data for a group of directly supervised euro area banks to analyse the effects of the ECB's low interest rate policy on bank profitability. It contributes to the literature by modelling the negative interest rate period separately from the preceding period of low, but positive rates. In line with other studies in the literature, it finds limited evidence for an additional negative effect on bank profitability in the period of negative short-term interest rates. Similarly to other studies, the results also suggest that keeping rates low for an extended period of time may lead to slow deterioration in bank profitability.
The rest of the paper is organised as follows. The next section describes main stylised facts from our bank-level dataset. The next-to-last section discusses the estimation equation and the results from various econometric specifications. In conclusion, we summarise main findings and outline avenues for future research.
Stylised facts from the bank-level data
We base our analysis on a quarterly database containing data on a subset of the euro area banking groups directly supervised by the Single Supervisory Mechanism, as of 1 January 2016. The choice of the subset is based on the availability of consolidated basis data in Bloomberg. Since some bank groups only provide data on a semi-annual or annual basis, we have narrowed the list to 56 euro area banks from 15 countries, for which the quarterly data are available (see Appendix for the full sample of banks together with the reason for bank's significance). The data set is unbalanced, as the starting date of the data differs and some time series contain missing values, covering the period from 1999q1 to 2018q4. The bank-level data are all denominated in the euro and seasonally unadjusted. For the econometric estimation, the bank-level data from Bloomberg have been complemented by country-level data on the level of policy and short-term interest rates, the slope of the yield curve and other macroeconomic variables, such as GDP growth and expected real GDP growth and inflation from various sources (Table 1) 
Various measures of bank profitability indicate ongoing pressure on interest margins and a slow improvement in the rate of return on total assets ( Figure 5 ). The dispersion of profitability outcomes, as measured by the distance between the first and the third quartile of the net interest income to assets distribution, has decreased at the beginning of the NIRP period and since then remained broadly constant. The best performing banks seem to be able to preserve their net interest margins, despite negative interest rates. However, the ability of the best performing banks to generate non-interest income has deteriorated, as reflected in the decreasing variability of non-interest income ( Figure 5, panel B ). Although the return on assets for the best performing banks is slowly recovering, the median remains below the pre-crisis level. It remains to be seen whether the average return on assets and the overall bank profitability is sufficient to cover the estimated cost of capital (Constâncio, 2016) .
Moreover, for global banks with sizeable and often more profitable non-euro area operations, the calculated net interest margins may overstate the profitability of the euro area operations (Jobst and Lin, 2016) and/or misrepresent the actual currency composition of banks' liabilities and hence their refinancing costs (Borio et al., 2015) . We have attempted to address this issue by a simple correction for the currency composition of the banks' assets and liabilities. We used the ECB data on domestic, euro area and the rest-ofthe-world asset and liabilities positions of the euro area monetary financial institutions to calculate the shares of euro area and non-euro area operations. In addition, we assumed, rather crudely, that all the rest-of-the-world assets and liabilities are denominated and financed in US dollars. We then used the calculated asset weights to weigh the macroeconomic control variables, such as real GDP growth and inflation, while using the liabilities weights to adjust the financing variables, including the 3-month interest rate and the slope of the yield curve. Since this simple correction did not affect our estimation results, we continue to use the uncorrected data.
There is a clear increase in the ratio of customer deposits to liabilities of the euro area banks ( Figure 6 ). Although it may be tempting, also in conjunction with the continuing fragmentation of the interbank market, to interpret this increase as a sign of a relatively stronger role for retail funding, customer deposits as defined by Bloomberg do not allow to clearly distinguish between the retail and wholesale funding. At least part of the increase may just represent an increased importance of deposits relative to banks' debt issuance. 
Econometric model of bank profitability
We first focus on the drivers of net interest income -i.e. the interest income less interest expense divided by total assets -that represents more than 60% of bank pre-tax income in the euro area (Coeuré, 2016) 5 . The link from the level of interest rates and the slope of the yield curve to net interest income is more direct that the effect on broader measures, such as to the return on assets or equity, which include other components, such as non-interest income.
Several single equation econometric models of the net interest margin have recently been estimated to shed more light on the dynamics of bank profitability in the environment of extraordinarily low interest rates. Claessens et al. (2016) collect annual balance sheet and income statement data for 2005-2013 for the total of 3418 banks from 47 countries and combine it with data on the 3-month interest rates and 10-year sovereign yields. They show that the negative effect on the net interest margins is stronger when the 3-month interest rates decline below 1.25%; a one percentage point decrease in the interest rate is associated with a 9 bps decrease in the net interest margin if rates are normal compared to a 17 bps decline in the low-rate environment. In addition, they find that the greater effect on the net interest margins in the low-rate environment is mainly driven by the greater pass-through of interest rates reductions to interest income than to interest expense. Borio et al. (2015) estimate the positive relationship between the level of interest rate and the slope of the yield curve, on the one hand, and various measures of bank profitability including the NIM, on the other. Using annual data for the period 1995-2012 on a panel of 109 large banks mainly from Europe, Japan and the United States, they confirm that the effect is non-linear. In other words, the decline in profitability is stronger when interest rates are lower (about 50 bps for 1 ppt change at the interest rate of 1% compared to 20 bps at a rate of 6%) and the yield curve less steep. 5 Unlike in the U.S. and the U.K. where market-based financial intermediation plays a prominent role, in the euro area financial intermediation remains primarily bank-based (OECD, 2018) . The concerns about bank profitability and their consequences on bank capitalisation are thus even more acute for the euro area banks.
Country-specific studies points broadly in the same direction, but with more emphasis on wider positive effects of low interest rates for the real economy. Using quarterly data on 5583 US banks from 2003q3 to 2013q2, Genay and Podjasek (2014) find that interest rate changes have the expected negative effect on banks' net interest margin and affect smaller banks more strongly. However changes in general economic conditions, such as the unemployment rate and house prices, matter relatively more for bank profitability and the study concludes that the negative effects of low interest rates on bank profits are likely to be outweighed by the positive effects of low interest rates in boosting economic activity.
For the euro area, ECB (2015b) studies the determinants of profitability for 98 euro area banks using annual data from 1994 to 2014 and concludes that macroeconomic factors and not declining interest rates are the main drivers of bank profitability since the global financial crisis. On the contrary, ECB (2015a) using annual data from 1994 to 2014 for 72 euro area bank confirms the importance of interest rates as determinants of net interest margins and concludes that the prolonged period of low interest rates would seriously challenge banks' net interest income generation.
More recently, Altavilla et al. (2017) look at the effects of euro area monetary policy on bank profitability using quarterly data from 2000 to 2016. Using a rich set of country-and bank-specific control variables, they find that changes in the interest rate level and the slope of the yield curve are not associated with lower bank profits when controlling for the endogeneity of the policy measures to current and expected macroeconomic and financial conditions. Similarly to some previous research, monetary policy accommodation leads to improvements in macroeconomic outlook and increased bank lending that seems to outweigh the direct negative effects on bank profitability. The result of limited effect of the NIRP on bank profitability in the euro area, mainly due to the positive impact on lending volumes and induced capital gains, is confirmed by their follow up work (Altavilla et al., 2019) . However, recent evidence from bank lending data collected by the ECB suggests that banks in the euro area that are more exposed to the NIRP tend to grant more loans (Demiralp et al., 2019) . This result, which seems according to the authors driven by an explicit consideration of the role of excess liquidity, is consistent with higher risk taking by banks as a reaction to negative interest rates.
Our study contributes to the literature by analysing separately, for the first time to our knowledge, the period of negative 3-month interbank interest rates in the euro area that started in 2015q2. While the negative interest rates apply to all banks in our sample, and the variation in the number of banks facing negative interest rates basically reflects changes in the Bloomberg data availability, the number of banks facing the flattening yield curve remains limited to less than fifteen ( Figure 7 ). Since our data set covers the period when negative interest rates were in place together with unconventional monetary policy measures, such as asset purchases leading to the flattening of the yield curve, the econometric analysis thus combines the effects of all monetary policy measures, not only those pertaining to the negative interest rate policy. This conflation is confirmed by the survey evidence reported in ECB (2016) that the NIRP has already hurt or is expected to hurt profitability (80% of participating banks), while banks also experienced and expected (despite improving capital gains) reduced net interest margins as a result of the ECB asset purchase programme (40% of banks).
Figure 7. Number of banks and countries facing negative interest rates and flattening yield curve
Note: Short-term interest rates are the 3-months nominal interest rates and the yield curve slope is defined as the difference between the yield on 10-years government bond in the country where the bank is headquartered and the 3-month nominal rate. Changing number of banks facing negative interest rates mainly reflects the changing availability of the bank-level profitability data in Bloomberg. Source: OECD Economic Outlook 105 database and the European Central Bank.
Our estimation strategy is similar to Genay and Podjasek (2014) , Borio et al. (2015) and Claessens et al. (2016) . We regress the net interest margin defined as net interest income over total assets NIIi,c,t (and, in alternative specifications, the interest income to assets, interest expenditure to assets, as well as other profitability measures discussed below) on the lagged dependent variable, the intercept, the 3-months (nominal) interbank interest rate, it, the slope of the yield curve defined as the difference between the yield on 10-years government bond in the country where the bank is headquartered and the 3-month rate, yc,t, and bank, time and country fixed effects. In addition, we create two alternative dummy variables, Dt, that equals 1 if it<0 (and zero otherwise) and Lowt, which equals 1 if it<0.5% (and zero otherwise) and interact one or the other with both the 3-months interest rate and the slope of the yield curve. Finally, vector Xc,i,t includes other relevant bank-specific and country specific variables, such as the equity to assets ratio (as a measure of solvency), the share of short-term borrowing to liabilities (as a measure of deposit vs. debt financing), the provisions to asset ratio (as a measure of risk taking) and growth rates of GDP, and inflation. In the version with net income interest to assets as the dependent variable and Dt as the interactions dummy, the estimation equation hence becomes
The inclusion of the two interaction terms with the dummy variable allows us to assess the additional effect of the interest rate level and the slope of the yield curve when the level of interest rates becomes negative. Our estimation equation is theoretically motivated and can be derived from an optimising model of bank's behaviour (Freixas and Rochet, 1997; Borio et al., 2015) . Assuming a symmetric equilibrium and a constant elasticity of loan and deposit volumes with respect to deposit and lending rates, it can be shown that the derivative of net interest income with respect to the nominal interest rate is positive, while the relationship between net interest income and the slope of the yield curve remains a priori uncertain. In addition, the relationship is possibly non-linear; the effect could be stronger at the lower levels of nominal interest rate. Table 2 summarises the estimation results of several net interest income models including the interaction dummy variables that allow us to assess the additional effect of negative (or low) interest rates. All the estimation equations include an intercept, bank fixed effects and country fixed effects. Time dummies are included as indicated to control for other factors that vary over time. Using net interest income to assets as a dependent variable, the model provides limited evidence of the level and slope effects. The estimated coefficient on the interest rate level is positive and significant in some cases, and so is the estimate of the additional level effect when the 3-month rate turns negative (columns 1-3). An additional level effect can also be found in the regressions with interest rates below 0.5% (column 6).
On the other hand, the slope effect estimates are often negative or insignificant. Note: The variables are defined as follows: NII is the aggregate net interest income over total assets, it is the 3months interest rate, yi,c,t is the slope of the yield curve defined as the difference between the nominal yield on the 10-years government bond and the 3-months nominal interest rate, Lowt is a dummy variable equal to 1 when the 3-month nominal interest rate is below 0.5% and zero otherwise. All models include a constant and bank fixed effects; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. ***, **, and * denote significance at the 1%, 5%, and 10% level.
The estimation results become clearer when we disaggregate the net interest income and look separately at the drivers of the interest income to assets and the interest expense to assets. Let us start with models of the interest income to assets (Table 3 ). The equations with dummies for the negative interest rate periods show level effects and slope effects together that are appropriately signed as well as significant additional level effect for the period of negative interest rate (columns 2-4). The additional slope effect is significant, but negative, possibly indicating a boost that banks' interest income might have received from the flattening of the yield curve through the capital gains on longer-term government bonds. Similar picture can be seen in the regression using the dummies for low interest rate periods (columns 6-8). The additional level effect from negative interest rates tends to be considerably stronger than in the level effect associated with positive interest rates, in some cases more than one-for-one (column 1 and 3). Note: The variables are defined as follows: Int_inc_A is the interest income to assets, it is the 3-months interest rate, yi,c,t is the slope of the yield curve defined as the difference between the nominal yield on the 10-years government bond and the 3-months nominal interest rate, Lowt is a dummy variable equal to 1 when the 3month nominal interest rate is below 0.5% and zero otherwise. All models include a constant and bank fixed effects; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. ***, **, and * denote significance at the 1%, 5%, and 10% level.
The estimated fixed effects models for the interest expenditure to assets suggest both the level and slope effect in the times of positive interest rates (Table 4) . However, there is no evidence for an additional level effect when interest rates turn negative, while the estimated slope coefficients indicate improvements in profitability associated with the NIRP (columns 3 and 4). Using low interest rates periods instead of the negative interest rates, a fixed effect estimation finds a significant additional level effect (column 8). Note: The variables are defined as follows: Int_exp_A is the interest expense to assets, it is the 3-months interest rate, yi,c,t is the slope of the yield curve, defined as the difference between the nominal yield on the 10years government bond and the 3-months nominal interest rate, Lowt is a dummy variable equal to 1 when the 3-month nominal interest rate is below 0.5% and zero otherwise. All models include a constant and bank fixed effect; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. ***, **, and * denote significance at the 1%, 5%, and 10% level.
Our model is strictly speaking a dynamic panel data model, due to the presence of both the lagged dependent variable and the endogenous explanatory variables. While we acknowledge the Nickell bias (Nickell, 1981) in principle, we note that our model is not the classical case of a "small T, large N" panel with few time periods and many individuals, for which the corrective approaches in dynamic panel data were primarily developed (Arellano and Bond, 1991; Arellano and Bover, 1995) . Our dataset contains 45 to 48 groups, depending on the precise choice of the dependent variable, and the average number of observations per group is between 40 and 42; hence, the minimum number of groups and time periods is N=45 and T=40. Since the dynamic panel bias becomes insignificant when T is large, we use as our baseline model the more straightforward fixed-effects estimator, as recommended by Roodman (2009). As robustness check, we also estimate the dynamic panel data models using the Arellano and Bond estimator (the difference GMM estimator) and the Arellano and Bover estimator (the system GMM estimator). Depending on the model specification, we include one or two lags of the dependent variable and use lags 2 to 4 in the case of one lag (or lags 3 to 4 in the case of two lags) as instruments (Tables A.3 and Table A .4 in the Appendix). All the estimated GMM models include time and country fixed effects, as indicated; in the case of the system GMM estimator, the time fixed effects are only used as instruments in the levels equation. Reported coefficients are based on the one-step estimator with robust standard errors (the Arellano-Bond robust variance-covariance matrix estimator). The Arellano-Bond test for zero autocorrelation in first-differenced errors is conducted to check the presence of residual autocorrelation. The GMM result are less robust than the pooled OLS and fixed effect models described above: despite some evidence for the level effect in normal times, the coefficients representing the slope effect under both positive and negative interest rates are not significant at the conventional levels.
We also complemented the basic model by further analysis distinguishing between small, medium and large banks in terms of total assets. However, the effect of declining interest rates and flattening yield curve on bank profitability does not appear to be varying with the size of the balance sheet and there is little evidence for additional effect associated with negative interest rates (Table A .5 in the Appendix).
We consider two further extensions of the baseline model, in order to check the robustness of our findings. First, we look at the determinants of the rate of return on banks' assets, a broader measure of bank profitability; second, we look at a broader definition of low interest rates and the long-term effects of low interest rates on bank profitability. We find some evidence for the importance of expected macroeconomic variables, such as expected inflation, as well as bank specific variables, including bank size (measured by total assets) and cost-to-income ratio (Table 5 ). However, there is little evidence that the level of interest rate and slope of the yield curve would have any systematic effect on banks' returns on asset. Looking at the components of bank profitability in more detail, the same seems to be the case for net interest income. On the contrary, non-interest income and the ratio of provisions to total assets seem to be sensitive to the level of interest rate and the slope of the yield curve (columns 5 and 6), while for provisions the slope effect seems to be stronger in the period of negative interest rates (column 6). Our results may partly reflect the positive effect on non-interest income from unconventional monetary policy, such as capital gains from buoyant financial market valuations (Altavilla et al., 2017) .
In addition, we consider defining the period of low interest rates in a less restrictive manner, as the time when short-term interest rate decreases below 0.5%. Such an alternative measure increases the number of observations in our period of interest and allows us to consider the existence of a zero rate threshold, as compared to a low interest rate effect. In addition, following the approach in Claessens et al. (2017) and Altavilla et al. (2017) , we include in our model a variable that counts the number of consecutive periods, in which the interest rate has stayed below the 0.5% threshold. This variable could capture some adverse effects on bank profitability from interest rates remaining low for a prolonged period of time (Table 6 ). The model works best for the return on assets measure of profitability (columns 1 and 2). There is a level effect from the interest rate and an additional effect from the interest rate below the 0.5% threshold. For other profitability measures there are no discernible effects on bank profits. Note: The variables are defined as follows: ROAi,t is the return on assets defined as the sum of the net interest income, net non-interest income and provisions as a fraction of total assets, NIIi,t is net interest income, NNIi,t is the net non-interest income defined as non-interest income less non-interest expense as a fraction of total assets. Provi,t/Ai,t is the provision to total assets, where Ai,t are total assets and Provi,t are provisions against loan losses, LDVi,t-1 is the lagged dependent variable, it is the 3-months interest rate, yi,t is the slope of the yield curve, Ei,t is total equity, SBi,t is short-term borrowing, Li,t are liabilities (i.e. assets less equity), CIRi,t is the cost-to-income ratio, RGDPi,t is real GDP growth and E_RGDPi,c,t+1 and E_PIEi,c,t+1 are the expected real GDP growth and inflation respectively. All models include a constant and bank fixed effect; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. The reported adjusted R 2 refers to corr(x_(i,t) β ,y_(i,t)). ***, **, and * denote significance at the 1%, 5%, and 10% level. Note: The variables are defined as follows: ROAi,t is the return on assets defined as the sum of the net interest income, net non-interest income and provisions as a fraction of total assets, NIIi,t is the net interest income, NNIi,t is the net non-interest income defined as non-interest income less non-interest expense as a fraction of total assets, LDVi,t-1 is the lagged dependent variable, it is the 3-months interest rate, yc,t is the slope of the yield curve, Lowt is a dummy variable equal to 1 when the 3-month nominal interest rate is below 0.5% and zero otherwise and Low_cumt is a count variable that equals to a number of consecutive quarters with low interest rates. Furthermmore, Ai,t are total assets, Ei,t is total equity, SBi,t is short-term borrowing, Li,t are liabilities (i.e. assets less equity), CIRi,t is the cost-to-income ratio, RGDPc,t is real GDP growth and E_RGDPc,t+1 and E_PIEc,t+1 are the expected real GDP growth and inflation, respectively. All models include a constant and bank fixed effect; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. The reported adjusted R2 refers to corr(x_(i,t) β ,y_(i,t)). ***, **, and * denote significance at the 1%, 5%, and 10% level.
Conclusions
Despite the apparent resilience of banks' net interest margins ( Figure 5 ), our pooled OLS and fixed effect models confirm the level and slope effects of interest rate on banks' profitability and provide mixed evidence on an additional negative effect in the recent period when euro area short-term interest rates became negative. These effects are unrelated to the size of bank's balance sheet and tend to weaken when additional macroeconomic variables are included in the regression. Moreover, the decreasing variability in non-interest income (Figure 5, panel B) suggests that the best-performing banks are facing difficulties in replacing the declining interest income by non-interest income, as their results become more like those of the weaker banks. Although we find mixed evidence of negative effects on bank profitability from the negative interest rate policy, our results are, in our view, consistent with the need for continuing improvements of banks' profitability. This seems to be a prudent policy in any case, and even more so in the view of possible negative effects on bank profitability from keeping rates low for an extended period of time.
The banks can preserve their profitability either by cost cutting, including lowering the excess capacity in the banking sector, by mobilising the sources of non-interest income and by preventing the pass-through of the policy rates into the lending rates. Business model based on increased non-interest income will likely only work for individual banks and policies aimed at higher non-interest income generation could also reduce the effectiveness of the monetary policy transmission mechanism. Furthermore, adequate profitability of banks is relevant for the smooth provision of credit to the economy, the ability to reduce non-performing loans and loan loss provisioning and, through the ability to attract capital from market investors, for financial stability (Admati and Helwig, 2014 Note: The variables are defined as follows: NIIi,c,t is the aggregate net interest income to total assets, Int_inc_Ai,t and Int_exp_Ai,t are interest income and interest expense to assets, respectively, LDVi,t-1 and LDVi,t-2 are the once-and twice-lagged dependent variables, respectively, it is the 3-months interest rate, and yc,t is the slope of the yield curve. All models include a constant and bank fixed effect; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. The reported adjusted R2 refers to corr(x_(i,t) β ,y_(i,t)). ***, **, and * denote significance at the 1%, 5%, and 10% level. Note: The variables are defined as follows: NIIi,c,t is the aggregate net interest income to total assets, Int_inc_Ai,t and Int_exp_Ai,t are interest income and interest expense to assets, respectively, LDVi,t-1 and LDVi,t-2 are the once-and twice-lagged dependent variables, respectively, it is the 3-months interest rate, and yc,t is the slope of the yield curve. All models include a constant and bank fixed effect; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. The reported adjusted R2 refers to corr(x_(i,t) β ,y_(i,t)). ***, **, and * denote significance at the 1%, 5%, and 10% level. Note: The variables are defined as follows: NII is net interest income over total assets calculated as a difference between the interest income to assets, Int_inc_A, and the interest expense to assets, Int_exp_A, reported in Bloomberg, it is the 3-months interest rate, yc,t is the slope of the yield curve, Lowt is a dummy variable equal to 1 when the 3-month nominal interest rate is below 0.5% and zero otherwise. All models include a constant and bank fixed effect; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. ***, **, and * denote significance at the 1%, 5%, and 10% level.
The data used in estimation are charted below. The variation in short-term interest rates ( Figure A.1. panel A) reflects the changing composition of the euro area; the variation in the 10-years sovereign bond rates ( Figure A.1 panel B ) mainly reflects the time-varying country risk premia. Note: The variables are defined as follows: NNIi,t is the net non-interest income defined as non-interest income less non-interest expense as a fraction of total assets, it is the 3-months interest rate, yc,t is the slope of the yield curve, Ai,t are total assets, Ei,t is total equity, SBi,t is short-term borrowing, Li,t are liabilities (i.e. assets less equity), Provi,t are provisions against loan losses, RGDPc,t is real GDP growth and E_RGDPc,t+1 and E_PIEc,t+1 are the expected real GDP growth and inflation, respectively. All models include a constant and bank fixed effect; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. The reported adjusted R2 refers to corr(x_(i,t) β ,y_(i,t)). ***, **, and * denote significance at the 1%, 5%, and 10% level. Note: The variables are defined as follows: Int_inc_a is the interest income to assets, Int_exp_a is the interest expense to asset, it is the 3-months interest rate, yc,t is the slope of the yield curve, Ai,t are total assets, Ei,t is total equity, Provi,t are provisions against loan losses, RGDPc,t is real GDP growth and E_RGDPc,t+1 and E_PIEc,t+1 are the expected real GDP growth and inflation in a country where the bank is headquartered, respectively. All models include a constant and bank fixed effect; the country and time dummies are included as indicated. The reported standard errors are equivalent to clustering in the panel variable. The reported adjusted R2 refers to corr(x_(i,t) β ,y_(i,t)). ***, **, and * denote significance at the 1%, 5%, and 10% level.
